The present work was carried out on 40 specimens of oesophaguses of both sexes of catfish (carnivorous fish) and grass carp (herbivorous fish) in order to observe the morphological and histological differences between the two species. Oesophagus of catfish was divided into 2 parts: anterior and posterior ones. The anterior part of the oesophagus of catfish was characterized by the presence of numerous mucosal folds. It was lined by stratified epithelium with goblet cells. In addition to club cells were observed in between the stratified epithelium. Scanning electron examination of the oesophageal epithelium of catfish demonstrated the presence of microvilli and fingerprint-like microridges in the superficial cell layer. The posterior part of the oesophagus of catfish was characterized by simple columnar mucus-secreting epithelium. The oesophagus of grass carp had shown the same structure along its entire length. It consisted of less folded mucosa than that observed in the oesophagus of catfish. The epithelium was characterized by the presence of taste buds. In conclusion, the present work revealed some differences in the structure of catfish oesophagus and grass carp oesophagus. These differences are related to type of food and feeding habits of each species.
Introduction
Nile catfish (Clarias gariepinus) is one of the most abundant and widely distributed fish in the Nile River. Catfish has a wide geographical spread, a high growth rate, resistant to handling and stress, and well appreciated in a wide number of African countries. It is considered the third important commercial fish in Egypt after tilapia and bagrids [1, 2] . It can be recognized by its long dorsal and anal fins, which gives it a rather eel-like appearance. The catfish is carnivorous in type, where tilapias are its most preferred food item especially the young ones followed by insects, crustaceans, and mollusks, respectively [3] . The grass carp or white amur (Ctenopharyngodon idella) is a large cyprinid fish. They are native in large Asian rivers such as Amur River Basin in Russia and the West River in China [4] . It is a fast growing herbivorous fish; it usually feeds on grass or other aquatic vegetations and can be grown together with other fish species. The gastrointestinal tract of grass carp consisted of oesophagus, stomach, and intestine that ends at the anus. Food enters a short, often greatly distensible esophagus leading into a thick-walled stomach [5, 6] . The histological structure of the gastrointestinal tract of numerous fish species generally consists of mucosa, submucosa, muscularis, and serosa. Results in previous studies have indicated that some differences of histological structures among fish gastrointestinal tracts are related to feeding habits, food, age, body shape, and weight [7, 8] .
The aim of the present study is to describe and compare the anatomical and histological structures of the oesophagus of the catfish as an example of carnivorous fish and the grass carp as an example of herbivorous fish, using light and electron microscopy. This may provide a comparative basis for future studies of the feeding patterns of both species as well as a contribution to the development of fish farming.
Materials and Methods
The materials employed in this study consisted of randomly obtained 20 adult specimens of both sexes of the catfish 2 Journal of Histology Clarias gariepinus (represented as carnivorous fish) and 20 of grass carp Ctenopharyngodon idella (represented as herbivorous fish). The catfish specimens were collected from the Nile River at Elkhazan Bridge in Assiut city, and the grass carp samples were collected from a fish farm in El-Minea during the year. The specimens range from 35.40 ± 3.01 cm for catfish to 37.20 ± 4.0 cm for grass carp in standard length and from 406.40 ± 9.60 gm for catfish to 421.60 ± 8.70 gm for grass carp in body weight. After recording the previously mentioned biological measurements, fish of both species were dissected as soon as possible to obtain the oesophagus.
The oesophagus was dissected immediately and then put on a filter paper, and the length (cm) and diameter (cm) were measured using a caliber.
For histological studies, the samples were dissected as soon as possible from the anterior and posterior parts of the oesophagus of both species at 1 × 1 × 0.05 cm and were immediately fixed in Bouin's fluid for 24 hours. The fixed materials were dehydrated in an ascending series of ethanol, cleared in methyl benzoate, and then embedded in paraffin wax. Transverse and longitudinal paraffin sections at 5-8 m in thickness were cut and stained with Harris haematoxylin and eosin [9] , Crossmon's Trichrome [10, 11] , Periodic Acid-Schiff (PAS) technique [12] , combined Alcian blue PAS technique [13] , and Weigert's Elastica [14, 15] .
Semithin Sections. Small pieces 2-3 mm long from the different portions of oesophagus of both species were placed in 2.5% cold glutaraldehyde in phosphate buffer (PH 7.2) for 24 hours. The pieces were washed twice in 0.1 M phosphate buffer and then postfixed in 1% osmium tetroxide, in the same buffer. The postfixed pieces were dehydrated in graded alcohols and embedded in araldite resin. Thin sections (1 m) in thickness were stained with 1% toluidine blue.
For scanning electron microscopy, formaldehyde-fixed specimens of oesophagus of both species were washed in 0.1 M cacodylate buffer for 1 h and then transferred to a 1% solution of tannic acid for 2 h at room temperature. The pieces then were washed again in buffer and postfixed for 2 h in 1% osmium tetroxide. The postfixed materials were washed and dehydrated in a series of increasingly concentrated solutions. They were then mounted on aluminum stubs and sputtercoated with gold/palladium for 3 min. The specimens were examined with a JEOL. JSM-5400 LV scanning electron microscope.
For transmission electron microscopy, small pieces 2-3 mm long from the different portions of anterior part of oesophagus of catfish were fixed and dehydrated as in semithin. Ultrathin sections obtained by a Reichert ultramicrotome were stained with uranyl acetate and lead citrate (Reynolds, 1963) and examined with a JEOL. JEM-100 electron microscope.
Morphometrical measurements were performed by using Image analysis system (Leica Q500MC). Measurements include diameter of the oesophagus, thickness of the wall, mucosa, submucosa and tunica muscularis, diameter of the lumen, number of mucosal folds/cross section, height and width of the mucosal folds, and height of the surface epithelium.
Results

Morphological Structure.
The catfish had a slender blackish-coloured body without scales and a flat bony head, which took an eel-like appearance. The mouth was large terminal in position with four pairs of barbels (Figure 1(a) ). The grass carp had an elongate, moderately compressed yellowish-green body with large scales. The head was broad and the mouth was small and subterminal in position without barbels (Figure 1(b) ). The body weight, standard length, and total length of grass carp showed no significant increase compared with those of catfish ( Table 1) .
The oesophagus of catfish run from the posterior end of the pharynx anteriorly to the anterior part of cardiac region of the stomach caudally; being ventrally overlapped by the liver, its anterior region was wide and funnel-shaped and its posterior region was tubular in shape ( Figure 1(c) ). Its mean length was 0.78 ± 0.20 cm ( Table 1 ). The oesophagus of catfish was divided into two parts according to diameter and shape, the mean diameter of anterior part was 0.65 ± 0.11 cm and posterior part was 0.48 ± 0.09 cm ( Table 1 ).
The oesophagus of grass carp run from the posterior end of the pharynx anteriorly to the intestinal bulb caudally, being ventrally overlapped by the liver and its shape was cylindrical and straight along its entire length (Figure 1(d) ). The length of the oesophagus of grass carp showed no significant increase compared with that of catfish, its mean length was 1.16 ± 0.23 cm. It was not divided, as its diameter was the same along its entire length, its mean diameter was 0.51 ± 0.10 cm (Table 1) .
Histological
Structure. The oesophagus of catfish was divided into 2 parts; anterior and posterior parts based on type and thickness of the epithelium and tunica muscularis.
Anterior Part of the Oesophagus of Catfish.
The mean diameter of the anterior part of oesophagus was 5186.67 ± 42.87 m and the mean thickness of its wall was 2461.15 ± 48.11 m ( Table 2 ). The wall of the oesophagus was formed of 4 distinct layers: tunica mucosa, tunica submucosa, tunica muscularis, and tunica adventitia.
The mean thickness of the tunica mucosa was 1397.33 ± 59.49 m ( Table 2 ). The mucosa consisted of approximately 36 parallel complex and elongated leaf-like folds that were referred to as primary, secondary, and tertiary folds. These folds were arranged longitudinally that occluded the lumen, which had a very complex folded appearance in histological cross sections (Figure 2 (a)). Some wider channels of lumen were present; their mean diameter was 264.37 ± 18.43 m ( Table 2 ). The mean height of mucosal folds was 1190.80 ± 32.58 m and their mean width was 172.48 ± 5.88 m ( Table 2 ). The mean height of epithelium was 112.49 ± 2.74 m ( Table 2 ). The epithelium was stratified cuboidal in type; the deeper layer was columnar, the middle layer contained a large number of goblet and club cells, while the superficial cells were cuboidal. This stratified epithelium had ill distinct cell boundaries, homogeneous acidophilic cytoplasm with rounded darkly stained nuclei. Occasional leucocytes were found between the epithelial layers, especially in the basal part ( Figure 2(b) ). The epithelium also contained high density of club (alarm) cells. The club cells were large polyhedral cells with homogeneous acidophilic cytoplasm with 1-2 central rounded nuclei. These cells were located at different levels of the epithelial strata, but especially in the basal region of the epithelium (Figure 2 (b)). They were PAS and Alcian blue negative (Figures 2(c) and 2(d)). By transmission electron microscopy, club cells appeared as large, polyhedral electron lucent, and binucleated cells. Their nuclei were polymorphic and euchromatic and contained electron dense nucleoli. Their cytoplasm contained many large elongated mitochondria and rough endoplasmic reticulum, which were arranged mainly around the nucleus. In addition, free ribosomes and many vesicles of different sizes were scattered all over the cytoplasm, which contained moderate electron dense secretory materials ( Figure 3 ). Numerous rounded to oval goblet cells of different sizes were present in the superficial half of the epithelium. These cells appeared large with foamy cytoplasm and consisted of rounded mucous globules that were intensively stained with Alcian blue and PAS (Figures 2(c) and 2(d)). Lamina propria was composed of dense connective tissue, formed mainly of compactly arranged collagenous fibers, which extended to fill the core of the mucosal folds ( Figure 2 (e)). Semithin sections showed that the mucosal epithelial cells were stratified in type and their superficial cells bore microridges, in addition to presence of toluidine blue-positive goblet cells. The goblet cells appeared spherical or oval in form and lacked the basal narrow part that was found usually at the base of these cells. The club cells appeared as giant polyhedral cells with pale staining cytoplasm. They were mononucleated or binucleated cells, where the two nuclei were situated very close to each other. Undifferentiated or basal cells were located at the base of the epithelium (Figure 4(a) ).
Scanning electron microscopic observations of the mucosa of the anterior part of the oesophagus showed numerous primary, secondary, and tertiary longitudinal folds ( Figure 5(a) ). The outer layer of the epithelium was polyhedral in shape and exhibited prominent microvilli and fingerprint-like microridges (Figures 5(b) and 5(c)).
The mean thickness of the tunica submucosa was 460.72± 16.72 m ( Table 2) . It was formed mainly of collagenous fibers. Bundles of striated longitudinal muscles were also observed in this layer (Figure 2(e) ). The tunica muscularis was composed of thick outer circular layer and thin inner longitudinal layer of striated muscles (Figure 2(e) ). Its mean thickness was 800.10 ± 32.77 m ( Table 2 ). The anterior part of the oesophagus of cat fish is covered externally by tunica adventitia. It is formed of loose connective tissue which contained small blood vessels and elastic fibers (Figure 2(e) ).
Posterior Part of Oesophagus of Catfish.
The mean diameter of the posterior part of oesophagus of catfish was 4342.81 ± 34.45 m and the mean thickness of its wall was 1504.61 ± 12.77 m ( Table 2) . As in the anterior part of the oesophagus, the wall of the posterior part was formed of 4 distinct layers: tunica mucosa, tunica submucosa, tunica muscularis, and tunica adventitia.
Tunica mucosa was a thin layer; its mean thickness was 299.68 ± 10.23 m, ( Table 2 ). The mucosa contained approximately 26 short narrow and blunt folds. The oesophageal lumen became wider and less irregular than that of the anterior part (Figure 2(f) ), its mean diameter was 1333.59 ± 82.76 m. The mean height of mucosal folds was 263.36 ± 7.03 m. The mucosal folds were narrower than the anterior part (Figure 2(f) ), its mean width was 104.55 ± 1.80 m. The mean thickness of epithelium was 28.60 ± 1.37 m ( Table 2 ). The mucosal epithelium consisted of mucus secreting simple columnar epithelium (Figure 2(g) ). The apical part of the epithelium reacted positively to PAS (Figure 2(h) ). Lamina propria consisted of dense connective tissue, formed mainly of compactly arranged collagenous fibers, which extended to fill the core of the mucosal folds (Figure 2(i) ).
Semithin sections showed that the mucosal epithelium of the posterior part consisted of tall columnar cells with middle oval light nucleus that contained distinct nucleoli. The apical part of these cells contained mucous granules, which reacted positively to toluidine blue. Some basal dark cells of irregular shape were present in the basal part of the epithelium (Figure 4(b) ).
Scanning electron microscopic observations of the mucosa of the posterior part of oesophagus showed simple longitudinal folds ( Figure 5(d) ). The surfaces of polygonal epithelial cells exhibited short microvilli and small microridges. Numerous small holes for mucous extrusion in addition to some mucous droplets were present (Figures 5(e) and 5(f)).
Muscularis mucosa consisted of bundles of smooth muscle fibers, surrounded by numerous collagenous fibers (Figure 2(i) ).
The mean thickness of the tunica submucosa was 216.69± 7.50 m ( Table 2 ). It was formed of dense connective tissue and contained numerous collagenous fibers. The striated muscles that were present in anterior part of the oesophagus diminished posteriorly and they were absent in the posterior portion of the oesophagus. This tunic was free of glands ( Figure 2(i) ).
The posterior part of the oesophagus had thicker muscularis than the anterior part, and it was composed of inner circular and outer longitudinal smooth muscle fibers that were held by connective tissue fibers (Figure 2(i) ). Its mean thickness was 1070.54 ± 6.32 m, ( Table 2 ).
The tunica adventitia was formed of loose connective tissue that contained collagenous fibers and small blood vessels (Figure 2(i) ).
Oesophagus of Grass
Carp. The oesophagus of grass carp was of the same structure and appearance along their entire length. Its mean diameter was 4693.39 ± 40.32 m and the mean thickness of its wall was 1998.27 ± 43.37 m ( Table 2) . The mean thickness of the tunica mucosa was 916.0 ± 14.70 m ( Table 2) , which constituted approximately 45.83% of the thickness of the wall. The mucosa was formed of a distinct longitudinal fold (about 20). The lumen was starshaped and appeared wider than in the anterior oesophageal part of catfish. The folds were generally narrow at the tip but were occasionally broadened in the basal part. The mucosal folds of the oesophagus of grass carp were shorter and less tortuous than in catfish (Figure 2(j) ). Its mean diameter was 696.85 ± 56.19 m. The mean height of the folds was 655.56 ± 14.38 m and its mean width was 163.40 ± 9.46 m. The mean height of the epithelium was 65.33 ± 2.18 m ( Table 2 ). The lining epithelium of the oesophagus of grass carp was of a stratified cuboidal type along its entire length, containing goblet cells and taste buds (Figure 2(k) ). Oval and prominent taste buds were observed only in the most cranial portion of the oesophagus. It occurred between the epithelial cells in the form of fusiform bundles of pale spindle cells with oval nucleus, which were regard as gustatory cells. The exposed extremity of the taste bud was sunk in a pit, which was probably similar to the gustatory pore seen in mammals (Figure 2(k) ). High properties of rounded goblet cells were found in patches, which was the most prominent and distinctive feature of the oesophageal epithelium of grass carp. Goblet cells were more numerous in the epithelium of the oesophagus of grass carp than those of catfish and reacted positively to PAS as fewer cells and Alcian blue as more numerous cells (Figures 2(l) and 2(m) ). Lamina propria formed of finger-like processes of loose connective tissue, contained mostly collagenous fibers, numerous flattened fibroblasts, and thick longitudinal smooth muscle fibers. Thick layer of muscularis mucosa formed of isolated bundles of smooth muscle fibers located under the lamina propria (Figure 2(n) ).
Semithin sections showed microridges in the apical part of the superficial epithelial cells of the oesophagus of grass carp. Undifferentiated basal cells were located at the base of the epithelium. Goblet cells were not found typically at the surface but usually were lain deeply and characterized by a metachromatic reaction to toluidine blue. Taste buds appeared as fusiform structure of pale cells with prominent taste pore (Figure 4(c) ).
Scanning electron microscope observation of the oesophageal mucosa revealed numerous folds that left distinct long concavities in between them ( Figure 5(g) ). Mucosa exhibited compactly arranged pentagonal or hexagonal surfaces of the superficial cells of the stratified epithelial cells ( Figure 5(h) ). The luminal plasma membrane of these cells presented complex or linearly arranged microridges in the form of an alveolar pattern. Discrete oval or circular openings of mucous cells were located between the stratified epithelial cells, which were slightly sunken with respect to the surrounding microridges. The network of alveolar microridges revealed that each cell was clearly limited by boundary microridges, so that the cellular contacts were marked by 2 parallel microridges ( Figure 5(i) ).
The tunica submucosa was formed of dense irregular connective tissue that contained collagenous fibers and numerous striated longitudinal muscle bundles that were sparsely distributed (Figure 2(n) ). Its mean thickness was 310.70 ± 16.08 m ( Table 2) .
The mean thickness of the tunica muscularis was 861.07± 72.78 m ( Table 2 ). It was formed of inner circular and outer longitudinal layers of skeletal muscle fibers (Figure 2(n) ). The oesophagus of grass carp was covered externally by tunica adventitia; which was formed of loose connective tissue, containing elastic fibers and blood vessels.
Discussion
The present work was carried out on 40 specimens of both sexes of catfish (carnivorous fish) and grass carp (herbivorous fish) in order to observe the morphological and histological differences between the two species. The results of the present work revealed some differences in the structure of the oesophagus of both species related to type of food and feeding habits of both species. The gastrointestinal tracts of fish show remarkable differences in function and structure, these differences were related to type of food, feeding habits, body weight, shape, and sex [16] [17] [18] .
The present study revealed that the oesophagus of catfish was divided into anterior and posterior parts. The differentiation of oesophagus into two morphologically distinct zones, based on type and thickness of the epithelium and tunica muscularis has been documented in many fishes such as garfish [19] . While the oesophagus of grass carp had shown the same structure along its entire length.
The current observations revealed that the anterior part of the oesophagus of catfish was characterized by the presence of numerous mucosal folds that may allow maximal distension for prey and broken down food, and it was lined by stratified epithelium with goblet cells. The epithelium of the anterior part of the oesophagus of carnivorous fish acted as a constitutive adaptation that protected the oesophagus against live prey damages [20, 21] . Moreover, the epithelium of the posterior part of the oesophagus was composed of simple columnar mucus secreting (PAS-positive) epithelium that may play a role in pregastric digestion. Also, the posterior oesophageal region acts as a site of selective ionic diffusion, so osmoregulatory functions are proposed for this epithelium, which are associated with wide blood vessels. In addition, it had an absorptive role [22] [23] [24] [25] [26] .
Our results revealed that the oesophagus of both species possessed a high density of goblet cells as compared with other sections of the gastrointestinal tract. The increased number of goblet cells in the oesophagus of all fish species in general was probably due to the absence of salivary glands, as the mucin excreted in the oesophagus and buccal cavity compensates the absence of salivary glands in fish [27] [28] [29] [30] [31] . In addition, the oesophageal mucin has a role in enzymatic digestion of food via its contents of neutral mucosubstances, and it might have osmotic function through binding and transportation of water and ions content [30, 31] . The goblet cells secrete both acid and neutral mucopolysaccharides, which play a role in the lubrication of food and protection of mucosa during swallowing. The mucus secreting cells shown in the present study are arranged in a continuous sheath in the oesophagus of grass carp, and this may provide rapid lubrication to the rough age-rich materials in the gut and to capture the excess of water from food particles during swallowing.
The present study revealed the presence of club cells in the anterior part of the oesophagus of catfish, which appeared as large acidophilic cells in between the lining stratified epithelium. The transmission electron microscopic observations revealed that the cytoplasm of the club cells contained rER, free ribosomes, mitochondria, and many vesicles, which contained electron dense secretory material. Several names have been given to club cells such as "clavate, " "giant, " and "alarm substance cells" [32, 33] . The latter authors demonstrated the presence of the club cells in the skin and lips of many fish species that might be responsible for the induction of the fright reaction to other fish. These cells exude a proteinaceous secretion. When these secretions mixed in water are sensed by introducers through olfaction. So the main function of these cells is to induce the defensive behavior in fish. The defensive behavior of these cells was indicated in the production of toxic or antipathogenic agents, substances that deter predators; in addition, the club cells were shown to have phagocytic action by the ingestion of wandering cells. However, the previously mentioned authors added that the club cells must be damaged or broken before the alarm substances are released. Also, the structure of these cells in skin and lip differed from that in the oesophagus; in lip and skin, they had cytoplasmic processes and their cytoplasm contained fine coiled filaments. On the other hand, these cells were absent in the oesophagus of other fish species [34] .
The basal part of the epithelium of the oesophagus of catfish contained undifferentiated cells. These cells undergo cytoplasmic changes and eventually become epithelial cells or goblet cells and also the club cells arise from it [35] .
The present study demonstrated the presence of taste buds in the oesophagus of grass carp, indicating that the fishes select the type of food intake by either food rejecting or swallowing. The taste buds acted as chemoreceptors for specific selection of food before swallowing [20, 36] . However, taste buds are present in the oesophagus of some species as sea bream, eel, and Oreochromis niloticus [21] . It is worth to mention that the epithelial lining of the oesophagus of grass carp performs various functions such as gustatory and mucus-producing to facilitate rapid and efficient swallowing action. Scanning electron microscopic examination of the oesophageal epithelium of catfish demonstrated the presence of microvilli in the superficial cell layer. The presence of these prominent microvilli indicates an adaptation to rapid ion absorption [22] . The fingerprint-like microridges observed in the superficial layer of the epithelium of the oesophagus of catfish may represent a mechanical adaptation that would withstand the trauma resulting from ingesting bulky materials. Furthermore, the alveolar pattern of microridges observed in the oesophageal epithelium of grass carp could perform other functions such as retaining and spreading mucus that creates an optimally lubricated surface for the passage of food, in addition to increasing the surface area of the epithelium lining the oesophagus and allowing the surface to stretch. Similar observations were recorded by [37] . Microridges were also observed in the epithelium of skin, gills, buccal cavity, and pharynx of some fish species [38] .
Histological examination of the oesophagus of grass carp and catfish also revealed that the presence of numerous elastic fibers in the lamina propria and submucosa (data not shown) increases elasticity for swallowing large items of foods. In addition, the extensive core of lamina propria in the mucosal folds of oesophagus of catfish was probably to maintain the integrity of the wall and prevent rupture of the mucosal lining as it is to be stretched around the prey during the act of swallowing [39, 40] .
Our results also revealed the presence of bundles of striated longitudinal muscles in the oesophageal submucosa.
Otherwise, these striated muscles might be important for catfish to reject any unpalatable food and provide reinforcement to the oesophagus, which is subjected to violent extensions by ingestion of food. However, these muscles in submucosa of grass carp might be related to the coordination of the contraction of the oesophagus with movements of the pharyngeal teeth to allow expansion of the oesophagus for the ingestion of foods.
The thickness of the tunica muscularis particularly in the posterior part of the oesophagus of catfish might represent a powerful tool to strengthen the oesophageal wall, protect it from engorged bulky food, facilitate regurgitation, and also act as a triturating device for solid ingested materials [41] . Bucke found that the increased thickness of tunica muscularis of posterior part of the oesophagus of catfish that extended to gastric muscularis might play a role in increasing the motility, which optimize stomach digestion in carnivorous fish with irregular intakes of large quantities of food.
